Ever expanding technological growth has led to an increase in the use of tracked excavators for construction, demolition, material handling, rock breaking etc. Excavator operators are exposed to a variety of risk factors that may lead to health problems. A major health hazard among operators is whole-body vibration. Human response to vibration is very complex and nonlinear. Whole Body Vibration in the range of 2 to 30 Hz corresponds to most of the resonant responses of various organs and parts of the human body. The objective of this paper is to assess whole body vibration for the tracked excavator with hydraulic breaker. The job safety analysis conducted through questionnaires for different industrial vehicle operators revealed the presence of a health risk among the operators in rock breaking machinery. To quantify the level of vibration, field tests are performed on four tracked excavators with hydraulic breaker attachments in two different work locations. Accelerometer, a real-time signal conditioning / processing and PULSE data acquisition software are used for vibration measurement. The frequency of vibration exposure is observed to be between 6.8 and 12 Hz. Acceleration levels measured were in the range of 0.87 -2.2 m/s 2 for a tracked excavator operator with breaker. The total vibration exposure calculated was between 0.621 and 1.932 m/s 2 . The vibration dose value recorded was 17.6 -62.72 m/s 1.75 . Whole body vibration exposure of the breaker operator was much higher and lies beyond the upper limit as given in ISO 2631-1. The ranges of vibration parameters measured were concomitant with frequent lower back pain, other muscular-skeletal injuries like leg pain etc which are prevalent among these operators.
INTRODUCTION
Whole body vibration (WBV) can affect comfort, performance and health. Its effects depend on the magnitude of the waveform and the exposure time for the occupant. Hence quantifying WBV by experimental investigation is of current interest. Whole body vibration exposure and ergonomical risk factors are significant for acceleration of more than 0.5 m/s 2 with industrial drivers according to epidemiological studies [1] .There is strong evidence of increase in lumbar problems due to workers being exposed to WBV [2] . Acceleration in the range between 0.3-0.45 m/s 2 is the ergonomic standard suggested for industrial vehicles with frequencies mostly between 1-5Hz and for an 8 hours operating day. The dynamics of vehicle axle and occupant suspension systems can be redesigned in order to achieve the limits [3] . A level of 0.5m/s 2 was repeatedly quoted in many studies for the relationship between whole body vibration and low back disorder [4] . High lateral and low vertical vibration is also prevalent in railway wagons leading to low back disorders [5] . The highest levels of vertical vibration are found in off-road vehicles and forklifts [6] , [7] .
The International standard ISO 2631-1 [8] for exposure assessment, shows a health caution zone between 0.45-0.8 m/s 2 for 8 hours exposure. This implies that there are certain health risks for the limit value of 1.15 m/s 2 , for workers exposed according to the evaluation method suggested by EU Directives [9] .
The objective of this paper is to conduct Field measurements for whole body vibration in tracked excavators with breaker by using a standard vibration measurement system, and the data obtained such as magnitude of acceleration, root mean square acceleration and peak acceleration are quantified from time domain and spectral analysis signatures. Vibration Dose Value (VDV) and daily exposure are calculated and interpreted with the international standards for predicting the health risk.
STUDY ENVIRONMENT
The Field trials for WBV analysis were conducted at Valvanthannkottai, Trichy District, India (Fig. 1) . The study was necessitated because an earlier survey through questionnaires revealed that drivers of excavators with hydraulic breaker attachments ( Fig.2) are suffering chronic problems of lower back pain and other musculo-skeletal injuries. The drivers seats used are of conventional type with no no soecial attachments for vibration suppression. Excavator drivers operate on an eight-hour shift. At the rock breaking operation, even though the normal shift period is 8 hours, the drivers often have extended exposure periods of up to 12 hours, with overtime work included. This results not only in longer periods of exposure, with increased vibration dose, but also reduced time for physical recovery, repair and recuperation. Most of the workers are staying near to the workplace where they lack basic facilities. One of the Sites where field study has been done (At Vazhavanthan Kottai in Tiruchirapalli District, India)
If they complete the work allocated for the day in a shorter time, productivity increases, but it comes at the cost of increased vibration exposure levels and associated health effects. This is due to the increase in driving speeds, vibration shock loads and reduced rest periods . Tracked excavators used for rock breaking are primarily operated by means of hydraulic breaker attachments. Excavators with breaker attachments are operated for the whole working day to break the big blocks of stones to the desired size. In some cases the stones are broken directly from rock. The breaking is possible by high compression force applied with impact. The excavator has to travel on very uneven paths, filled with stones. 
Experimental Evaluation of Whole Body Vibration exposed from Tracked Excavators with Hydraulic Breaker Attachment in Rock Breaking operation

EVALUATION OF WHOLE BODY VIBRATION EXPOSURE
In the absence of the domination by any axis of vibration, the total value vibration for a seated worker, the vibration total value (av) for the frequency-weighted accelerations (aw) of whole-body vibration is calculated as [8]
Where k = 1.4 for X and Y axes and k = 1 for Z axis.
Since it is believed that the health effects of whole-body vibration are influenced by shocks or vibration peaks, ISO 2631-1 [1997] suggests using the fourth power vibration dose method instead of the second power of the acceleration time history (i.e. r.m.s.) as the basis for averaging. The fourth power vibration dose value (VDV) is expressed in meters per second to the power of 1.75 (i.e. m/s 1.75 ).The assessment of exposure to whole-body vibration "is based on the calculation of daily exposure A (8) expressed as continuous equivalent acceleration over an eight hour period, calculated as the highest (r.m.s.) value, or the highest vibration dose value (VDV) of the frequency-weighted accelerations determined on three orthogonal axes (1.4a wx , 1.4a wy , a wz )" in accordance with the International standard [8].
Measuring Equipment
Instrumentation used for the measurements and recording of whole-body vibrations include accelerometers (Bruel & Kjaer) and signal conditioning equipment (Bruel and Kjaer Vibration Analyzer 3560), analogue-to-digital converters (Dell Laptop) and a data analyzer (PULSE software platform). The PULSE platform is capable of measuring any type of vibration with basic tools such as FFT analysis and waterfall plots standard in all PULSE vibration solutions.
Accelerometers are the most common transducers used in whole body vibration measurements, and produce an electrical output proportional to acceleration. Transducers are connected to some form of signal conditioning, to provide power to the transducer in addition to amplifying and filtering the vibration signal before it is passed to the data analyzer. The analogue to digital converter converts the conditioned, filtered, analogue voltage signal to a digital record. The data analyzer enables visual inspection of the acquired signals during measurement and provides a means of storing the signals in a useful digitized form in the computer memory.
The accelerometer was placed and fixed firmly at the position where the measurement was intended to be recorded. Hardware setup in the PULSE software for data acquition system was set for the corresponding Transducer. Spectral Analysis gave the assessment from Fast Fourier Transforms (FFT) and Power Spectral Density.
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Vibration Test
Vibrations were measured according to the coordinate system as shown in Fig.3 . Vibration which is transmitted to the body was measured from the sensor placed at the interface. Three principal areas as suggested by ISO 2632 are used for measurements which are the supporting seat surface, the seat-back and the feet. The duration of measurement was kept sufficiently long to ensure reasonable statistical precision and to ensure that the vibration is typical of the exposures which are being assessed Figure 3 .
WBV measurement direction and location
From the spectra obtained for the vibration measurement maximum amplitude and the corresponding frequency were observed. R.M.S acceleration was also measured using the Pulse B&K data acquition software. The values obtained are used for further evaluation. The frequency at which the magnitude attains maximum is observed to be between 6.8-12 Hz for most of the cases measured. Crest factor which is the ratio of the peak acceleration measured will be useful to predict the presence of instantaneous Shocks. 
RESULT ANALYSIS 3.1 VIBRATION ANALYSIS
During the rock breaking operation amplitude of acceleration, crest factor, and dominant frequencies as measured under typical working conditions are summarized in Table I . The maximum acceleration in the vertical axis was 3.88 m/s 2 at 8.78 Hz for the measurement taken at backrest. But the highest magnitudes of acceleration at floor and seat operator interface were 2.56 m/s 2 at 7.15 Hz and 2.58 m/s 2 at 7.5 respectively at the X axis.
The vibration magnitude transmitted through the floor to the leg is comparatively higher than at the seat operator interface, so it indicates that the cushion in the seat dampens the vibration transmitted from floor to seat. The operator's backrest was exposed to the maximum vibration of more than 3 m/s 2 in X and Z axes, Y-axis vibration exposed to the operator back was comparatively less.
Position
Measured Parameters In order to predict the health risk associated with the operation of rock breaker vehicle, the 8-h equivalent frequency weighted acceleration values A (8) Health risks predicted by the standard analysis procedure were compared across the common values that were normalized to an 8-h equivalent value. Rankings (high; moderate; low) for predicting health risks were predicted for a rock breaker machinery operator based on Health Guidance Caution Zone (HCGZ) limits from total acceleration and VDV total values [8] .
X-direction Y-direction Z-direction
The vibration dose value is the cumulative dose, based on the fourth root of the fourth power of the acceleration signal with units of m/s 1.75 . The European directory prohibits exposure above the exposure limit value of 21 m/s 1.75 VDV. If the exposure exceeds an exposure action value of 9.1 m/s 1.75 VDV a programme of continual improvement was recommended for the employer to implement. VDV total calculated as suggested by the European directive standard is shown in Table II . The daily exposure (Fig. 6) is the maximum of these three values. VDV was calculated [9] . The highest value of VDV exp x , VDV exp y and VDV exp z will give the daily VDV. Acceleration Range
The measured acceleration at various positions during rock breaking shows high variation at the operator's back compared to floor and seat-operator interface (Fig. 7) .
The maximum value of VDV obtained is 64.96 m/s 1.75 at the backrest during the third trial measurement taken with a breaker. The nature of work done by the tracked excavator would be the reason for total vibration exposure at the buttocks being less than the other two positions. the major shocks are predicted to transmit along the x axis to the occupant. (Table IV) it is clear that tracked excavator with breaker machinery crosses the standard limit by big margin and in many cases the exposure in the y direction is higher than the vertical axis. 
COMFORT RATING PREDICTION
CONCLUSION
